ABSTRACT The topographical distribution of type IV collagen, laminin, fibronectin, and the thymocyte differentiation antigen Thy-i in the basement membrane of the lactating rat mammary gland was investigated. Small cubes of tissue, which had not been subjected to prior fixation or freezing, were incubated with monospecific or monoclonal antibodies to these proteins, and the antibodies were located by an indirect immunoperoxidase staining technique and observed in the electron microscope. The lamina densa stained uniformly with antibodies to type IV collagen and laminin. In addition, both laminin and type IV collagen were present in semiperiodic clusters that traversed the lamina lucida from the cell surface to the lamina densa. Fibronectin was present only in the semiperiodic clusters and not elsewhere in the basement membrane. These clusters were irregularly spaced along the cell surface and heterogeneous in size. It remains to be determined if these three proteins are present in the same clusters. Thy-I was largely present on the lamina densa and not on the lamina lucida.
The Thy-i staining of the lamina densa occurred in discrete maxima and minima. These maxima occurred in regions adjacent to Thy-l-bearing stromal cells. Thus, the topographical distribution of proteins within a basement membrane varies in a nonrandom manner, and local factors can modify this distribution. We suggest that this topographical variability may play a role in cell recognition and signalling processes that occur across the basement membrane.
In the rodent and human mammary glands, the parenchyma are separated from the surrounding connective tissue by a basement membrane (1) . Ultrastructurally, this basement membrane consists of an electron-lucent region, the lamina lucida, directly adject to the epithelial and myoepithelial cells, and an electron dense region, the lamina densa, located between the lamina lucida and the connective tissue (2) . In some tissues anchoring fibrils that extend from the lamina densa into the surrounding connective tissue have been described (3) . Several protein components of basement membranes have been identified (4) . Type IV collagen appears to be restricted to the lamina densa (5-7), whereas laminin, fibronectin, and heparan sulfate proteoglycan are present in either the lamina lucida or lamina densa (5, (7) (8) (9) (10) (11) (12) . We have shown that antibodies to type IV collagen, laminin, and the thymocyte differentiation antigen Thy-1 stain the basement membrane in the mammary glands of both virgin and lactating rats at the light microscope level, whereas antibodies to fibronectin only stain the basement membrane in the mammary gland of lactating rats (1, 13, 14) . We now report on the immunocytochemical distribution at the ultrastructural level of type IV collagen, laminin, fibronectin, and Thy-i in the basement membrane of the lactating rat mammary gland.
METHODS
Antibodies. Monospecific antibodies to type IV collagen and laminin, both purified from the mouse Engelbreth-Holm-Swarm (EHS) sarcoma, and rat plasma fibronectin have been described (15) . The antibodies were affinity-purified, and their specificity and lack of crossreactivity was confirmed by enzyme-linked immunosorbent assay and immunoprecipitation techniques. A mouse F(ab')2 fragment of a monoclonal antibody (clone OX7) to rat Thy-i: 1 by addition of sucrose. Tissues were then processed for electron microscopy without further staining as described (15) . For controls, either antisera absorbed with the appropriate antigen (100 ,ug/ml) or rabbit serum obtained prior to immunization (preimmune serum) was used. For conventional microscopy, ultrathin sections were stained with uranyl acetate and lead citrate (15) . Tannic acid staining was carried out by a published procedure (16 (Fig. 3) .
The ultrastructural localization of the individual basement membrane proteins, type IV collagen, laminin, and fibronectin are shown in Fig. 3 . The lamina densa stained uniformly with antibodies to type IV collagen and laminin ( Fig. 3 A and B ). Also present in Fig. 3 is reaction product in semiperiodic structures linking the lamina densa with the cell surface; these clusters are arranged at intervals of about 30-140 nm and have a width of about 30-100 nm. Fibronectin also appears to be present in semiperiodic clusters that extend from the cell surface (Fig. 3C) 30-140 nm and project to a distance of about 40 nm from the cell surface. The width of these structures is about 30-70 nm. Fibronectin staining is absent from the lamina densa. In controls in which pieces of tissue were incubated with preimmune rabbit serum, no reaction product was observed (Fig. 3D) .
Immunocytochemical Staining for Thy-i. The distribution of Thy-i in Fig. 4A is confined predominantly to two regions of the gland. The Thy-i antibodies bind (i) to the basement membrane and (ii) to some, but not all, stromal cells seen in close proximity to the basement membrane. Thy-i also occurred in blood vessels and nerves that permeate the stroma (not shown). The binding of the antibody in the basement membrane is not uniform but occurs in discrete maxima and minima. The maximum occurs where a neighboring stromal cell carries Thy-l. The Thy-i antigen is localized in the lamina densa (and not in the lamina lucida of the basement membrane) and on the plasma membrane of the stromal cell. The distribution of Thy-1 is unrelated to the epithelial cell type directly apposed to it and even can change from a maximum to a minimum in : . w . the basement membrane adjoining the same myoepithelial cell (Fig. 4B) . DISCUSSION The distribution of proteins within basement membranes is more complex than originally conceived (5, 7, 9, 17, 18) . Although type IV collagen appears to be largely restricted to the lamina densa in all tissue examined, projections from the lamina densa to the cell surface, which stain with antibodies to-type IV collagen and laminin, have recently been described in the basement membrane of duodenal and outer-enamel epithelium (8) .
In the basement membranes of duodenal and outer-enamel epithelium, type IV collagen, laminin, fibronectin, and heparan sulfate are predominantly located in the lamina densa. Fibronectin also has been located in the lamina densa of muscle fibers (5) and embryonic neural tube (19) . In the epidermal/dermal and glomerular basement membranes, laminin and fibronectin are restricted to the lamina-lucida (7, 10, 12) . In the lactating rat mammary gland, both type IV collagen and laminin are located predominantly in the lamina densa. In addition, semiperiodic structures linking the cell surface with the lamina densa also are stained with antibodies to these two proteins. These structures appear to be considerably wider than those described in duodenal and outer-enamel epithelium (8) . Fibronectin is limited in its distribution to the semiperiodic clusters projecting from the cell surface. We do not yet know if fibronectin, laminin, and type IV collagen are present in the same semiperiodic clusters. It is also not clear if the structures traversing the lamina lucida that are revealed by tannic acid staining are identical to those that stain with antibodies to type IV collagen, laminin, and fibronectin. Although the width of the former appear smaller (about 5 nm) than that of the periodic clusters stained with the three antibodies (about 30-100 nm), the relatively large size of the peroxidase reaction product (polymerized diaminobenzidine) does not preclude their occurrence in the same structures. Similar structures also have been observed in the basement membrane of the mouse mammary gland after staining with ruthenium red (20) , indicating that there may be similarities between the distributions of basement membrane glycosaminoglycans and proteins. Unlike type IV collagen and laminin, which are distributed uniformly throughout the lamina densa, the distribution of Thy-1 shows discrete maxima and minima, the maxima coinciding with the occurrence of neighboring Thy-i-bearing stromal cells. The basement-membranes of blood vessels also were stained with antisera to fibronectin, laminin, type IV collagen, and Thy-1.
We do not yet understand the significance of the variability in the distribution of basement membrane proteins. However, it is unlikely that the variability is due to diffusion of the immunoperoxidase reaction product, polymerized-diaminobenzidine, (21, 22) for the following reasons. First, it has been demonstrated that no water-soluble polymers are produced under the conditions that we have used (22)-i.e., low pH (7.5) and short incubation times (5 min). Second, no diffusion of reaction product into the lamina densa is seen after staining with antibodies to fibronectin, even though the reaction product is closer to the lamina densa than in the case of the Thy-i-bearing stromal cells. Third, we have not observed generalized staining of the cell surface, with any of the antibodies used in-this study, like that recently reported by Laurie et al. (8) , which these authors attribute to diffusion of the -reaction product from the lamina densa to the cell surface.
The origin of the Thy-i present in the basement membrane is unclear. We have demonstrated that myoepithelial-like cell lines in vitro synthesize basement membrane proteins (15) and produce Thy-1 (14) . Thy-1 present in the basement membrane might arise either from synthesis by myoepithelial cells in the epithelial compartment or from material shed from the surface of stromal cells. Recently, it has been demonstrated that fibronectin shed from mesenchymal cells is incorporated into the basement membrane of inner-enamel epithelium (23) . However, increased immunoreactive Thy-1 in the basement membrane of growing neonatal rats occurs at about the same time as maturation of myoepithelial cells (14) , which suggests that the former explanation is the more likely.
The reasons for the-differences .in the topographical distribution of basement membrane proteins both between tissues and during the differentiation of the mammary gland itself (1) are unknown. This variability may be a consequence, in part, of their differentiated functions-ie., milk production in the case of the lactating mammary gland. In the virgin mammary gland, myoepithelial cells form a continuous layer between the luminal epithelial cells and the basement membrane (1, 24) . In lactating mammary glands, the continuous myoepithelial cell layer is disrupted in the expanding alveoli, exposing the basal surface of most secretory epithelial cells to the basement membrane (25) . We have shown (1) that fibronectin is located in the basement membrane region of the lactating rat mammary gland but not in the virgin gland. Fibronectin is involved in cell adhesion (26) , and its presence and topographical distribution in the lactating mammary gland may be a consequence of the need to anchor the epithelial cells which are only temporarily exposed to the basement membrane. Similarly, it has been suggested that Thy-1 could be involved in cell-cell and cell-matrix recognition processes in lymphocyte migration. In addition to being present on thymocytes, Thy-1 is also present extracellularly in the rat in regions associated with the basement membranes surrounding some blood vessels, including post capillary venules in lymph nodes, and on interstitial connective tissue in the dermis and lamina propria (27, 28) .
In the mammary gland, control of multicellular organization and development occurs primarily-by hormonal.agents that must permeate the mesenchyme after leaving the systemic circulatory system (29) . Evidence for cell-mediated control is less well documented. However, the mesenchyme in mice is partially responsible for supporting the growth of normal mammary epithelium (30) and, in early development phases, for either the destruction of the glands in males (31) or organization of the branching pattern in females (32) . Similarly, the extracellular matrix is required for the maintenance of the fully differentiated lactational state in vitro (33) . Such epithelial-mesenchymal interactions would have to occur across the basement membrane. Our previous findings have shown that the composition of the rat mammary gland basement membrane changes during differentiation (1), and our results here have shown that the topographical organization of proteins in the mammary gland basement membrane is different from that in some other tissues. This suggests that different differentiated states of tissues produce altered topographical arrangements of proteins within basement membranes and that this arrangement also can be modified, in part, by the surrounding cells. Whether this constitutes a recognition system for different cell surfaces remains to be established.
